Similar to motorcycles, bicycles enable their riders to perform stunts (e.g., pulling wheelies) on roads more readily than other transportation forms (Elliott et al., 2007) . With the purpose of decreasing their risk injury, riders may use safety equipment, including protective clothing and helmet, which reduce the likelihood of severe injuries (Attewell et al., 2001) . Therefore, performing stunts and safety equipment should be included in the proposed BRBQ.
Another aspect which needed to be measured was signaling behaviors. Unlike other vehicles in the transportation system, bicycles are not equipped with indicators, brake lights, and horn. Riders use hand signals and audible message to communicate with other road users. Using hand signals could reduce crash risk with other vehicles, but could also introduce Control Errors. Taking these factors into consideration, the present study included items associated with Control Errors, stunts, use of safety equipment, and signaling to other road users in addition to items that measure ordinary errors and violations to develop the BRBQ instrument. The rest of the paper discusses the methods used to develop and deploy the BRBQ instrument and the statistical methods associated with developing dimensions from the questionnaire, focusing on a sample of 306 bicyclists. The results of the statistical analysis are presented, followed by a discussion of the method and results. Finally, the paper closes with concluding remarks.
Methods and materials

Questionnaire
The main contribution of this paper is the development and testing of a standard questionnaire aimed at bicyclists, the BRBQ. This parallels past works, the MRBQ and the DBQ. The first section of the questionnaire included items about demographic characteristics, bicycle riding habits, and the crash records of the respondents. Demographic characteristics included gender, age, marital status, and educational level. Riding habits covered questions about number of years riding a bicycle (bicycling experience), riding hours per week, the purpose of riding a bicycle (i.e., recreational, professional, commuting to work/shopping/school), and riding context (i.e., urban, rural, or mountain).
Respondents reported their crash involving another road user (i.e., multi-vehicle crash) in two periods in the last three years and period prior to those three years (i.e., crash history). Crash records included questions about the overall number of multi-vehicle crashes, and number of crashes that riders was identified as being at-fault by a police officer in a multi-vehicle crash (i.e., at-fault multi-vehicle crash).
The second part of the survey included the behavioral instrument. The BRBQ was developed in two steps. First, a questionnaire was developed based on the MRBQ (Elliott et al., 2007) drawing from similar aberrant behaviors among bicyclists and motorcyclists. The original DBQ (Reason et al., 1990 ) was used to include perceptual errors and violations (e.g., red light running). Last, we drew from available literature on bicycle safety to identify the aberrant behavior of the bicyclists and to establish behavioral questionnaire with 35 items.
In the second step, the preliminary BRBQ was discussed in a focus group consisting of transportation engineers with expertise in road safety. We added or removed items from the BRBQ based on feedback. After amendments to the BRBQ, a pilot survey was deployed. A questionnaire with 39 items was distributed to a sample of 100 bicyclists. The respondents were asked to report how often they performed each aberrant behavior (e.g., almost lost control due to the presence of an obstacle in the road surface) on a fivepoint Likert scale (1: never, 5: nearly all the time). Principal Component Analyses (PCA) were conducted on the pilot sample. Items that had no loading on the initial extracted dimension (cut-off point 0.30) from the pilot study, and had an average numerical value close to one, were excluded from the BRBQ instrument. During the pilot study, items related to wearing safety equipment failed to load in any dimensions. Accordingly, these items were removed from the main questionnaire. The questionnaire that was used in the main study consisted of 34 items. Importantly, the BRBQ could be modified to reflect characteristics of the bicycling community where deployed. Our study was based in Iran, but the questionnaire and analytic approach could be used in other geographic and demographic contexts as they relate to bicycling behavior.
Sampling
A convenience sample was drawn from amateur, semi-professional, and professional bicycle clubs in Iran. This sample does not likely represent average bicyclists, but still, allows for testing of the BRBQ instrument. In most cases, these clubs used social networks to reach their members. After contacting the administrators of the clubs, a web-based Persian questionnaire was uploaded in Google Docs and the link to this questionnaire, along with an invitation letter, was shared with members of the clubs. The criterion for completing the questionnaire was a minimum of one hour of bicycling per week in Iran. The questionnaire was active for four weeks in June 2016. Among an unknown number of visits to the invitation letter, 771 clicks on the link were registered. A total of 306 respondents filled out the questionnaire completely, which reflects a 40% response rate.
Statistical procedures
Statistical analyses were performed using SPSS 22.0 and STATA 13. Kaiser-Meyer-Olkin (KMO) was used to test whether the sample data met the requirements for Principal Component Analysis (PCA). PCA with Varimax rotation was conducted to identify the dimensional structure of the BRBQ. Kaiser's criterion, the Cattell scree plot and the interpretability of the dimensions were used to determine the number of components. In addition, Cronbach's alpha reliability coefficients were calculated for assessing the internal consistency of the BRBQ scale scores. Non-parametric tests (i.e., Mann-Whitney U and Kruskal-Wallis) were run to compare the differences between groups on the BRBQ dimensions.
We modeled the relationship between multi-vehicle crash occurrence (all self-reported multi-vehicle crashes and at-fault selfreported multi-vehicle crashes) and BRBQ dimensions using logistic regression models. Riding context, riding experience, riding hours per day, riding purpose, and history of crashes along with BRBQ dimensions were modeled simultaneously. Table 1 shows the characteristics of the samples. The sample consisted of 72 females (24%) and 234 (76%) males. The average age of the respondents was 33.1 years (range 16-72, SD = 10.0) with 10.20 years of riding experience (range: 1-39, SD = 9.40), and 9.1 hours per week (range: 1-25, SD = 7.20). 56% of the respondents reported at least one bicycle crash (M = 1.64 crashes per respondent, SD = 2.15). In addition, 36% of the respondents indicated that they had been involved in at least one at-fault crash (M = 0.84 at-fault crashes per respondent, SD = 1.50); this indicated that bicyclists were at-fault in 52% of their self-reported multi-vehicle crashes. In addition, 44% of the respondents reported that they had experienced at least one crash before the three-year period. Comparisons of self-reported multi-vehicle crashes by gender did not show any significance differences (for all multi-vehicle crashes: U = 9089.0, p < 0.590; for at-fault multi-vehicle crashes: U = 8176.0, p < 0.659). As presented in in Table 1 , 69% of the respondents had a university degree, and 58% of respondents used bicycling for recreational purposes. Moreover, urban settings constituted the most prominent context of riding.
Results
Sample characteristics
The mean and standard deviation of the BRBQ questions are shown in Table 2 . Failure to use hand signals to communicate with other road users was among the most frequent reported behaviors. Distractions by music and cell phones as well as aggressive violations towards other road users were also among the most reported behaviors. Riding under the influence of alcohol and drugs were among the least reported behaviors in our study in Iran.
Dimension structure of the instrument
The KMO measure of sampling adequacy for the current sample was 0.82 (meritorious), which supported that the sample was suitable for performing PCA (Beavers et al., 2013) . Table 3 shows the result of PCA with Varimax rotation. A five-dimension solution was identified which explained 52.10% of the total variance.
The first dimension included eleven traffic violations; two yielding violations, three emotional violations, three speeding violations, and three violations related to riding in prohibited roads for bicyclists. This dimension was termed "Traffic Violations" which accounted for 23.08% of the total variance. The Cronbach's alpha for this dimension was 0.84. Three items related to stunts and three distractions (i.e., physical or mental) loaded in the second dimension. Hence, this dimension was named "Stunts and Distractions". This dimension accounted for 9.07% of the total variance with Cronbach's alpha of 0.79. The third dimension consisted of five items related to Notice Failures which accounted for 7.38% of the total variance. This dimension included items regarding riders' failure to notice other road users (e.g., pedestrians crossing or waiting to cross the street). All these items may lead to a sudden reaction which could cause dangerous situations. Hence, this dimension was termed "Notice Failure". The Cronbach's alpha for this dimension was 0.78. Five items related to control the bicycle loaded in the fourth dimension, hence this dimension was termed "Control Errors". This dimension accounted for 6.55% of the total variance and had a Cronbach's alpha of 0.77. Three violations related to communication with other road users loaded in the fifth dimension. This dimension was termed "Signaling Violations". Signaling Violations accounted for 5.24% of the total variance and had a Cronbach's alpha of 0.76. A.M. Hezaveh et al. Journal of Transport & Health 8 (2018) 289-298 3.3. Demographic differences on the BRBQ dimensions Journal of Transport & Health 8 (2018) 289-298 3.4. BRBQ dimensions and relation with multi-vehicle crashes Table 5 presents the correlations between self-reported multi-vehicle crashes, the BRBQ dimensions, and demographic characteristics. Among the BRBQ dimensions, Stunts and Distractions (for all crashes: r (304) = 0.19, p < 0.001; for at fault crashes: r (304) = 0.22, p < 0.001) and Traffic Violations (for all crashes: r (304) = 0.23, p < 0.001; for at fault crashes: r (304) = 0.21, p < 0.001) had significant positive correlations with self-reported multi-vehicle crashes. Except for Signaling Violations which had a positive correlation with all self-reported multi-vehicle crashes (r (304) = 0.39, p < 0.500) and a negative correlation with at-fault self-reported multi-vehicle crashes (r (304) = -0.06, p < 0.332), the rest of the dimensions were positively correlated with selfreported multi-vehicle crashes. However, these correlations failed to reach significance. Table 6 shows the results of binary logistic regression models for predicting all self-reported multi-vehicle crashes and at-fault self-reported multi-vehicle crashes. Both models included the five dimensions from the BRBQ in addition to some other exposureoriented variables. Both models had pseudo R-square values of 0.12. Riding experience (for all crashes: β = -0.02, p < 0.038; for atfault crashes: β = -0.04, p < 0.002), history of crashes (for all crashes: β = 0.81, p < 0.000; for at-fault crashes: β = 0.94, p < 0.000), urban context (for all crashes: β = 0.58, p < 0.044; for at-fault crashes: β = 0.69, p < 0.013) were the significant predictors of self-reported multi-vehicle crashes in both models. Riding hours per day (β = 0.03, p < 0.050) and Rider's age (β = -0.04, p < 0.002) were only significant for all self-reported multi-vehicle crashes and it failed to reach a significant level for at-fault self-reported multi-vehicle crashes. On the other hand, rural area (β = 0.96, p < 0.006) was only a significant predictor of at-fault Correlation between the BRBQ dimensions, self-reported multi-vehicle crashes, and rider's characteristics. self-reported crashes. More importantly, in both multi-vehicle crash states, the Traffic Violations dimension (for all crashes: β = 0.68, p < 0.000; for at-fault crashes: β = 0.60, p < 0.000) was the predictor of self-reported multi-vehicle crashes. The Notice Failures dimension (β = 0.71, p < 0.000) and Control Errors dimension (β = 0.45, p < 0.019) were significant predictors of all self-reported multi-vehicle crashes. On the other hand, Stunts and Distractions dimension (β = 0.15, p < 0.050) and Signaling Violations dimension (β = -0.27, p < 0.004) were significant predictors of at-fault self-reported multi-vehicle crashes.
Discussion
Based on the Reason et al. (1990) taxonomy of human error, we developed a 34-item Bicycle Rider Behavior Questionnaire and tested it on a sample of 306 bicyclists, convenience-sampled from within an active bicycling network. From the data, we identified a behavioral five-dimension solution to the BRBQ -each with good internal reliability ranging from 0.70 to 0.84. The distinction between intentional violations (i.e., Stunts and Distractions, Traffic Violations and Signaling Violations) and unintentional errors (i.e. Attention Errors and Control Errors) is consistent with the original theoretical taxonomy of human errors.
The first dimension included behaviors that according to Iranian traffic rules, were categorized as Traffic Violations. One possible explanation why bicyclists conduct these violations is to gain an advantage in various traffic situations (e.g., reduce their waiting time for the traffic light). Aggressive violations behaviors were also loaded in this dimension. Other road users' behavior towards bicyclists and the lack of high-quality facilities could explain bicyclists' aggressive violations. This dimension corresponds with the ordinary and aggressive violations in the DBQ, which has been identified in several studies (e.g., Lawton et al., 1997) .
The Stunts and Distractions dimension included intentional riders' behaviors that have the potential to endanger other road users' safety. One explanation could be that riders perform these behaviors as acts of sensation seeking (i.e., stunts) or mental distractions (e.g., listening to music), which could help them to facilitate their performances (Laukka and Quick, 2013) . In the third dimension, three items loaded related to noticing other road users. These behaviors reflect that bicyclists are sometimes unaware of the presence of other road users, particularly pedestrians; this dimension is similar to the error dimension in the DBQ (e.g., Davey et al., 2007) .
Skill-related items loaded on the Control Errors dimension (e.g., difficulty of maintaining balance at low speeds). Elliott et al. (2007) , focusing on motorcycles, labeled similar items as non-intentional and argued that some of them might be as related to carelessness, inattentive riding style, or excessive speed, as they are with lack of skill and appropriate human control (e.g., hard to control bicycle on a downhill grade). The emergence of the control error dimension is broadly consistent with errors due to inexperience (e.g., Aberg and Rimmo, 1998) and Control Errors (e.g., Elliott et al., 2007) dimensions in previous studies.
Unlike motorized vehicles, bicycles are not equipped with signaling devices (i.e., horns, turn indicators, and brake lights). The Signaling Violations dimension included behaviors that bicyclists need to perform to notify other road users about change in their speed or direction, most often using hand-signals or other cues. Signaling to other road users increases riders' workload, and this load is cognitively more resource demanding among elderly and in complex traffic situations (Vlakveld et al., 2015) . Several studies showed that both riders and drivers tend to compensate and reduce their speed as their mental workload increases (e.g., Fuller, 2005; Vlakveld et al., 2015) . However, bicycle riders need to maintain a minimum speed to maintain their balance. Likewise, having two hands on the handlebar helps riders to maintain the balance of the bicycle. Leaving one hand free for signaling concurrent with reduction in speed could increase the likelihood of Control Errors. This situation may worsen particularly in complex traffic situations (e.g., hand-signaling in slow and congested traffic in urban area). The relation between bicyclists' workload in complex traffic Table 6 Predictors of self-reported multi-vehicle crash (1 = reported crash; 0 = otherwise) and self-reported multi-vehicle at-fault crash (1 = reported crashes; 0 = otherwise).
All self-reported multi-vehicle crash Self-reported multi-vehicle at-fault crash situation, control errors, and signaling need to be investigated. Nevertheless, future technologies could be integrated to reduce the workload on bicyclists (e.g., connected vehicles). Equipping bicycles with communication equipment, equivalent to other vehicles in the road system (e.g., indicators), could increase bicyclists' safety. Gender comparisons indicated that females were more prone to Control Errors; on the other hand, males reported more intentional Traffic Violations. As riders age and their riding experience increased, the frequency of reported aberrant behaviors declined, whereas their Control Errors increased. These behavioral differences by gender, age, and riding experience were in line with several studies focusing on the DBQ (e.g., Aberg and Rimmo, 1998; Blockey and Hartley, 1995) .
Unsurprisingly, all the dimensions (except Signaling Violations predicting at-fault self-reported multi-vehicle crash) had positive correlations with self-reported multi-vehicle crashes. Moreover, violations were significant predictors of self-reported at-fault multivehicle crashes. Notice Failures and Traffic Violations predicted all types of self-reported multi-vehicle crashes. Road safety countermeasures which target violations and reduce bicyclists' errors could also reduce the crash risk among bicyclists. Further, studies could be conducted to identify the underlying motivation of bicyclists' violations and interventions targeting these motivational factors may be developed.
Considering the relation between riding context (i.e., urban, and rural context), dimensions of the aberrant behaviors, and selfreported crashes, we conclude that bicyclists and policy makers should develop behavioral norms and supportive infrastructure and regulatory systems that discourage aberrant behavior and increasing expectancy and predictability of other road users. Developing infrastructure, policy, and education programs that self-enforce against unsafe behavior will help bicyclists to reduce their crash risk.
Limitations of the study
This study aimed to develop a bicycle-oriented behavioral questionnaire that follows a similar methodological approach as the motorcycle (MRBQ) and car driver (DBQ) instruments. We developed the BRBQ and tested it against a limited sample of bicyclists. It is also worthy to notice that the power of the study would benefit in a larger sample. The results here, particularly the regression results, represent the experiences of that sample, and not the larger bicycling population in Iran or the world. Indeed, the BRBQ can be applied to any subset of the bicycling community, and the results will likely differ. This study is limited to the development of the instrument and the limited application.
A fundamental limitation of this and other self-reported behavioral questionnaires is that self-report instruments are often vulnerable to socially desirable responses. However, Lajunen and Summala (2003) reported that social desirability has a relatively low impact on self-reported responses to aberrant behaviors. In addition, providing a context where the respondents could not be singled out could reduce the negative effect of social desirability. In this study, a setting (i.e., an anonymous online survey) was provided for respondents to minimize the negative effect of the social desirability. Likewise, individuals may have forgotten or underreported their crashes over the time (Maycock et al., 1991) . A three-year period was used in this study to reduce the probability of memory bias but could result in underreporting crashes, particularly minor ones. While recognizing that police fault assignment is imperfect, we aimed to include this criterion to reduce subjectivity from the respondent perception of fault. In Iran, the fault is generally assigned by the responding officer to the road user with the highest contribution of fault in the crash, regardless of mode. While fault is generally assigned to one road user, there are likely many contributing crash factors and user behaviors. One approach, in the future, would also be to ask the respondents if their perceived contribution to the crash is consistent with the police assignment of fault.
One of the most common types of bicycle crashes is single-bicycle crashes. During the pilot and focus group studies, the authors learned that the participants did not have a unified definition of a single-bicycle crash. One challenge in reporting single-bicycle crashes was the lack of a clear-cut threshold for considering an incident as a single-bicycle crash. Some riders recalled their Control Errors as a single-bicycle crash, whereas others only reported an incident as a single-bicycle crash when the outcome was severe. Consequently, single-bicycle crashes were removed from the study to reduce the complexity and only include crashes that involved at least two road users. A future methodological improvement would be to introduce a common definition of a single-bicycle crash (e.g., falling from the bike or dropping your bike, even if landing on your feet).
Conclusion
This study reports a new measurement instrument of aberrant bicycling behavior with feasible psychometric properties, which is well-suited to evaluate aberrant riding behaviors of bicyclists in a high-risk context. A five-dimension solution with acceptable internal consistency for the BRBQ was confirmed in a sample of bicyclists. Regarding the discriminant validity, internal reliability of the dimensions, and relation with self-reported multi-vehicle crashes, one can conclude that this study was successful in developing a tool that could be useful for measuring the aberrant behavior of the bicyclists. The findings presented a sample of Iranian bicyclists and results cannot be transferred from this setting to others. The BRBQ instrument needs further validation in other settings.
